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SELF ALIGNED METHOD OF FORMING A SEMICONDUCTOR 
MEMORY ARRAY OF FLOATING GATE MEMORY CELLS WITH LOW 
RESISTANCE SOURCE REGIONS AND HIGH SOURCE COUPLING, AND A 
MEMORY ARRAY MADE THEREBY 

5 

PRIORITY 

This application claims the benefit of U.S. Provisional Application No. 60/234,314, filed 
September 20, 2000, and entitled Super Self- Aligned Flash EEPROM Cell , and U.S. Provisional 

10 Application No. 60/242,096, filed October 1 9, 2000, and entitled Ultra Self- Aligned Flash 

EEPROM Cell With SAC. U.S. Provisional Application No. 60/260,167, filed January 5, 2001, 
and entitled A Super Self-Aliened Flash E2PR0M Cell. U .S. Provisional Application No. 
60/275,517, filed March 12, 2001, and entitled Super Self-Aligned Flash E2PR0M Cell, and 
U.S. Provisional AppHcation No. 60/287,047, filed April 26, 2001, and entitled An Ultra Self- 

15 Aligned Flash E2PR0M Cell With Low Source Resistance and High Source Coupling. 

TECHNICAL FIELD 
The present invention relates to a self-aligned method of forming a semiconductor 
memory array of floating gate memory cells of the split gate type. The present invention also 
20 relates to a semiconductor memory array of floating gate memory cells of the foregoing type. 

BACKGROUND OF THE INVENTION 
Non- volatile semiconductor memory cells using a floating gate to store charges thereon 
and memory arrays of such non- volatile memory cells formed in a semiconductor substrate are 
25 well known in the art. Typically, such floating gate memory cells have bem of the split gate 
type, or stacked gate type, or a combination thereof. 

One of the problems facing the manufacturability of semiconductor floating gate memory 
cell arrays has been the alignment of the various components such as source, drain, control gate, 
and floating gate, especially as the memory cells are scaled down in size. As the design rule of 
30 integration of semiconductor processing decreases, reducing the smallest lithographic feature, the 
need for precise alignment becomes more critical. Alignment of various parts also determines 
the yield of the manufacturing of the semiconductor products. 
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Self-alignment is well known in the art. Self-alignment refers to the act of processing 
one or more steps involving one or more materials such that the features are automatically 
aligned with respect to one another in that step processing. Accordingly, the present invention 
uses the technique of self-alignment to achieve the manufacturing of a semiconductor memory 
5 array of the floating gate memory cell type. 

Two major issues are often implicated as memory cell dimensions are scaled down. First, 
the resistance in the source line increases with smaller memory cell dimensions, and a higher 
resistance suppresses the desirable cell current during a read event. Second, smaller memory cell 
dimensions result in a lower punch-through voltage Vpt between the source and the bitline 
10 junction, which limits the achievable maximum floating-gate voltage Vfg during a program event. 
Floating-gate voltage Vfg is achieved through voltage coupling from the source region through 
the coupling oxide layer that is between the source and the floating gate. In a source-side 
injection mechanism, a higher Vfg (and thus a higher punch-through voltage Vpt) is essential for 
a sufficient hot carrier injection efficiency. 

15 

SUIVIMARY OF THE INVENTION 
The present invention solves the above mentioned problems by providing a (T-shaped) 
source region, where a wider conductive upper portion reduces source line resistance, while a 
narrower lower portion in the source line facilitates smaller memory cell geometries. The 
20 memory cell architecture also facilitates the coupling of source voltage to the floating gate 
through an oxide on the upper portion of the floating gate, in addition to coupling through the 
bottom coupling oxide, which enhances the coupling coefficient between the source electrode 
and the floating gate. 

The present invention is a self-aligned method of forming a semiconductor memory array 
25 of floating gate memory cells in a semiconductor substrate, each memory cell having a floating 
gate, a first terminal, a second terminal with a channel region therebetween, and a control gate. 
The method comprises the steps of: 

a) forming a plurality of spaced apart isolation regions on the substrate which are 
substantially parallel to one another and extend in a first direction, with an active region between 
30 each pair of adjacent isolation regions, the active regions each comprising a first layer of 
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insulation material on the semiconductor substrate and a first layer of conductive material on the 
first layer of insulation material; 

b) forming a plurality of spaced apart first trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in a second direction 

5 that is substantially perpendicular to the first direction, each of the first trenches having an upper 
portion and a lower portion wherein the upper portion has a greater width than that of the lower 
portion; 

c) filling each of the first trenches with a conductive material to form first blocks of 
conductive material, wherein for each of the first blocks in each active region: 

10 the furst block includes a lower portion formed in the lower portion of the first 

trench that is disposed adjacent to and insulated fi-om the first layer of conductive 
material, and 

the first block includes an upper portion formed in the upper portion of the first 
trench that is disposed over and insulated fi-om the first layer of conductive material; 
15 d) forming a plurality of first terminals in the substrate, wherein in each of the active 

regions each of the first terminals is adjacent to and electrically connected with one of the first 
blocks of conductive material; and 

e) forming a plurality of second terminals in the substrate, wherein in each of the 
active regions each of the second terminals is spaced apart fi-om the first terminals. 
20 In another aspect of the present invention, the method includes the steps of: 

a) forming a plurality of spaced apart isolation regions on the substrate which are 
substantially parallel to one another and extend in a first direction, with an active region between 
each pair of adjacent isolation regions, the active regions each comprising a first layer of 
insulation material on the semiconductor substrate and a first layer of conductive material on the 

25 first layer of insulation material; 

b) forming a plurality of spaced apart first trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in a second direction 
that is substantially perpendicular to the first direction, each of the first trenches having a side 
wall with an indentation formed therein; 

30 c) filling each of the first trenches with a conductive material to form first blocks of 

conductive material, wherein for each of the first blocks in each active region: 
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the first block includes a lower portion formed below the indentation of the first 
trench sidewall that is disposed adjacent to and insulated fi:om the first layer of 
conductive material, and 

the first block includes an upper portion formed above the indentation of the first 
5 trench sidewall that is disposed over and insulated firom the first layer of conductive 

material; 

d) forming a plurality of first terminals in the substrate, wherein in each of the active 
regions each of the first terminals is adjacent to and electrically connected with one of the first 
blocks of conductive material; and 

10 forming a plurality of second terminals in the substrate, wherein in each of the 

active regions each of the second terminals is spaced apart from the first terminals. 

In yet another aspect of the present invention, an electrically programmable and erasable 
memory device includes a substrate of semiconductor material of a first conductivity type, first 
and second spaced-apart regions in the substrate of a second conductivity type with a channel 

1 5 region therebetween, a first insulation layer disposed over said substrate, an electrically 

conductive floating gate disposed over said first insulation layer and extending over a portion of 
the channel region and over a portion of the first region, and an electrically conductive soxirce 
region disposed over and electrically connected to the first region in the substrate. The source 
region has a lower portion that is disposed adjacent to and insulated fi*om the floating gate and an 

20 upper portion that is disposed over and insulated from the floating gate. 

In yet one more aspect of the present invention, an array of electrically programmable 
and erasable memory devices includes: a substrate of semiconductor material of a first 
conductivity type, spaced apart isolation regions formed on the substrate which are substantially 
parallel to one another and extend in a first direction with an active region between each pair of 

25 adjacent isolation regions, and each of the active regions includes a colxmm of pairs of memory 
cells extending in the first direction. Each of the memory cell pairs includes a first region and a 
pair of second regions spaced apart in the substrate having a second conductivity type with 
channel regions formed in the substrate between the first region and the second regions, a first 
insulation layer disposed over said substrate including over the channel regions, a pair of 

30 electrically conductive floating gates each disposed over the first insulation layer and extending 
over a portion of one of the channel regions and over a portion of the first region, and an 
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electrically conductive source region disposed over and electrically connected to the first region 
in the substrate. The source region has a lower portion that is disposed adjacent to and insulated 
firom the pair of floating gates and an upper portion that is disposed over and insulated from the 
pair of floating gates, 

5 Other objects and features of the present invention will become apparent by a review of 

the specification, claims and appended figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 A is a top view of a semiconductor substrate used in the first step of the method of 
1 0 present invention to form isolation regions. 

FIG. IB is a cross sectional view taken along the line 1-1. 

FIG. IC is a top view of the next step in the processing of the structure of Fig. IB, in 
which isolation regions are formed. 

FIG. ID is a cross sectional view of the structure in Fig. IC taken along the line 1-1 
1 5 showing the isolation stripes formed in the structure. 

FIG. IE is a cross sectional view of the structure in Fig. IC taken along the line 1-1 
shovdng the two types of isolation regions that can be formed in the semiconductor substrate: 
LOCOS or shallow trench. 

FIGs. 2A-2N are cross sectional views taken along the line 2-2 of Fig. IC showing in 
20 sequence the next step(s) in the processing of the structure shown in Fig. IC, in the formation of 
a non volatile memory array of floating memory cells of the split gate type. 

FIG. 20 is a top view showing the interconnection of row lines and bit lines to terminals 
in active regions in the formation of the non volatile memory array of floating memory cells of 
the split gate type. 

25 FIGs. 3A-3I are cross sectional views taken along the line 2-2 of Fig. IC showing in 

sequence the steps in a first alternate processing of the structure shown in Fig. IC, in the 
formation of a non volatile memory array of floating memory cells of the split gate type. 

FIGs. 4A-4J are cross sectional views taken along the line 2-2 of Fig. IC showing in 
sequence the steps in a second alternate processing of the structure shown in Fig. IC, in the 

30 formation of a non volatile memory array of floating memory cells of the split gate type. 
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FIGs. 5A-5K are cross sectional views taken along the line 2-2 of Fig. IC showing in 
sequence the steps in a third alternate processing of the structure shown in Fig. IC, in the 
formation of a non volatile memory array of floating memory cells of the split gate type. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1 A there is shown a top plan view of a semiconductor substrate 10, 
which is preferably of P type and is well known in the art. A first layer of insulation material 12, 
such as sihcon dioxide (oxide), is deposited thereon as shown in Fig. IB. The first insulation 
layer 12 is formed on the substrate 10 by well known techniques such as oxidation or deposition 

10 (e.g. chemical vapor deposition or CVD), forming a layer of silicon dioxide (hereinafter 
"oxide**). A first layer of polysilicon 14 (FG poly) is deposited on top of the first layer of 
insulation material 12. The deposition and formation of the first polysilicon layer 14 on the first 
insulation layer 12 can be made by a well known process such as Low Pressure CVD or LPCVD. 
A silicon nitride layer 18 (hereinafter "nitride") is deposited over the polysihcon layer 14, 

15 preferably by CVD. This nitride layer 1 8 is used to define the active regions during isolation 
formation. Of course, all of the forgoing described parameters and the parameters described 
hereinafter, depend upon the design rules and the process technology generation. What is 
described herein is for the 0. 1 8 micron process. However, it will be understood by those skilled 
in the art that the present invention is not limited to any specific process technology generation, 

20 nor to any specific value in any of the process parameters described hereinafter. 

Once the first insulation layer 12, the first polysilicon layer 14, and the silicon nitride 18 
have been formed, suitable photo-resistant material 19 is applied on the silicon nitride layer 18 
and a masking step is performed to selectively remove the photo-resistant material from certain 
regions (stripes 16). Where the photo-resist material 19 is removed, the silicon nitride 18, the 

25 polysilicon 14 and the underlying insulation material 12 are etched away in stripes 16 formed in 
the Y direction or the coluiim direction, as shown in Fig. IC, using standard etching techniques 
(i.e. anisotropic etch process). The distance W between adjacent stripes 16 can be as small as the 
smallest lithographic feature of the process used. Where the photo resist 19 is not removed, the 
silicon nitride 18, the first polysilicon region 14 and the underlying insulation region 12 are 

30 maintained. The resulting structure is illustrated in Fig. ID. As will be described, there are two 



6 



PATFNT 

AttyDckt No: 2102396-911400 r/^iti>.i 

embodiments in the formation of the isolation regions: LOCOS and STL In the STI 
embodiment, the etching continues into the substrate 10 to a predetermined depth. 

The structure is further processed to remove the remaining photo resist 19. Then, an 
isolation material 20a or 20b, such as silicon dioxide, is fonned in the regions or "grooves" 16. 
5 The nitride layer 1 8 is then selectively removed to form the structure shown in Fig. IE. The 
isolation can be formed via the well known LOCOS process resulting in the local field oxide 20a 
(e.g. by oxidizing the exposed substrate), or it can be formed via a shallow trench process (STI) 
resulting in siUcon-dioxide being formed in the region 20b (e.g. by depositing an oxide layer, 
followed by a Chemical-Mechanical-Polishing or CMP etch). It should be noted that during the 
10 LOCOS formation, a spacer may be necessary to protect the side walls of poly layer 14 during 
the formation of the local field oxide. 

The remaining first polysilicon layer 14 and the underlying first insulation material 12 
form the active regions. Thus, at this point, the substrate 10 has alternating stripes of active 
regions and isolation regions with the isolation regions being formed of either LOCOS insulation 
15 material 20a or shallow trench insulation material 20b. Although Fig. IE shows the formation of 
both a LOCOS region 20a and a shallow trench region 20b, only one of the LOCOS process 
(20a) or the shallow trench process (20b) will be used. In the preferred embodiment, the shallow 
trench 20b will be formed. Shallow trench 20b is preferable because it can be more precisely 
formed at smaller design rules. 
20 The structure in Fig. 1 E represents a self ahgned structure, which is more compact than a 

structure formed by a non self-aligned method. A non self-aUgned method of forming the 
structure shown in Figure IE, which is well known and is conventional, is as follows. Regions 
of isolation 20 are first formed in the substrate 10. This can be done by depositing a layer of 
silicon nitride on the substrate 1 0, depositing photo-resist, patterning the silicon nitride using a 
25 first masking step to expose selective portions of the substrate 1 0, and then oxidizing the exposed 
substrate 1 0 using either the LOCOS process or the STI process where silicon trench formation 
and trench fill are involved. Thereafter, the silicon nitride is removed, and a first layer of silicon 
dioxide 12 (to form the gate oxide) is deposited over the substrate 10. A first layer of polysilicon 
14 is deposited over the gate oxide 12. The first layer of polysiUcon 14 is then patterned using a 
30 second masking step and selective portions removed. Thus, the polysiUcon 1 4 is not self aligned 
with the regions of isolation 20, and a second masking step is required. Further, the additional 
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masking step requires that the dimensions of the polysihcon 14 have an alignment tolerance with 
respect to the regions of isolation 20. It should be noted that the non self-aUgned method does 

not utilize nitride layer 18. 

With the structure shown in Fig. IE made using either the self aligned method or the non 
self-aligned method, the structure is further processed as follows. Referring to Fig. 2A, which 
shows the structure from a view orthogonal to that of Figs. IB and IE, the next steps in the 
process of the present invention are illustrated. A thick insulation layer 24, such as silicon 
nitride (hereinafter "nitride") is formed on the structure, followed by the formation of a thin 
protective layer 26 such as polysilicon (hereinafter "pol/')- The resulting structure is illustrated 
mFig. 2A. 

A conventional photo-lithography masking operation is performed with photo-resist 
applied on top of the poly layer 26. A masking step is applied in which stripes (i.e. masking 
regions) are defined in the X or the row direction. The distance between adjacent stripes can be 
a size determined by the needs of the device to be fabricated. The photo resist is removed in 
defined masking regions, i.e. stripes in the row direction, after which poly layer 26 underlying 
the removed photo resist is etched away in the stripes using a conventional anisotropic poly etch 
process to expose portions ofthe underlying nitride layer 24. An anisotropic nitride etch process 
is then performed to remove the exposed portions of nitride layer 24 to expose portions of poly 
layer 14. An optional poly etch process can follow to remove just a top portion ofthe exposed 
poly layer 14, to sUghtly recess poly layer 14 relative to the remaining nitride layer 24, and to 
form sloped portions 28 of poly layer 14 where it meets nitride layer 24. For each such pair of 
mirror memory cells, these etch processes result in the formation of a single first trench 30 that 
extends down to (and preferably slightly into) polysilicon layer 14. The remtog photo-resist 
is then removed, resulting in the structure shown in Fig. 2B. 

A layer 32 of insulation material, such as silicon dioxide (hereinafter "oxide") is then 
formed over the structure using, for example, a thermal oxidation process. The portions of oxide 
layer 32 formed on poly layer 14 in trenches 30 have raised portions 34 caused by sloped 
portions 28 of poly layer 14, giving oxide layer 32 inside trenches 30 a lens shape. The resultmg 

structure is illustrated in Fig. 2C. 

Insulation spacers 40 are then formed inside trenches 30 (Fig. 2E). Formation of spacers 
is well known in the art by depositing a material over the contour of a structure, followed by an 



8 



Atty Dckt No: 2102396-91 1400 



PATENT 



anisotropic etch process (e.g. RIE), whereby the material is removed from horizontal surfaces of 
the structure, while the material remains largely intact on vertically oriented surfaces of the 
structure. Spacers 40 can be formed of any dielectric material. In the preferred embodiment, 
spacers 40 are foraied of nitride in the following manner. A thin layer 36 of insulation material 
5 (i.e. oxide) is formed over the structure of Fig. 2C preferably using a conventional chemical 
vapor deposition (CVD) process. A thick layer 38 of insulation material (i.e. nitride) is then 
formed over the structure preferably by a conventional nitride deposition process, as shown in 
Fig. 2D. This is followed by a thick nitride etch process that uses oxide layer 36 as an etch stop. 
This etch process removes all of nitride layer 38, except for sidewall spacers 40 along the 
10 sidewalls of trenches 30. An anisotropic oxide etch process is then perfoimed that uses poly 
layer 26 as an etch stop. This oxide etch removes exposed portions of oxide layers 36 and 32 
-that are over nitride layer 24. The oxide etch also removes portion of oxide layers 36 and 32 that 
are exposed in trenches 30 between spacers 40, to expose portions of poly layer 14 at the centers 
of the trenches 30. The resulting structure is shown in Fig. 2E. 
15 A thick nitride etch process is performed to remove spacers 40 from trenches 30. A poly 

etch process is then performed to remove poly layer 26 to expose nitride layer 24, and to remove 
the exposed portions of poly layer 14 at the bottom center of trenches 30 to expose oxide layer 
1 2. As shown in Fig. 2F, trenches 30 each have a narrow lower portion 42 bounded by poly 
layer 14 and oxide layers 32 and 36, and an upper wider portion 44 bounded by oxide layer 36. 
20 It should be noted that the spacers 40 can be removed after the poly etch process that removes 
portions of poly layer 14. 

Suitable ion implantation is made across the entire surface of the structure. Where the 
ions have sufficient energy to penetrate the first silicon dioxide layer 12 in trench 30, they then 
form a first region (terminal) 50 in the substrate 10. In all other regions, the ions are absorbed by 
25 the existing structure, where they have no effect. Insulation spacers 46 (e.g. oxide) are formed 
on sidewalls of the lower portions 42 of trenches 30. Preferably, oxide spacer 46 formation is 
preceded by first forming an insulation sidewall layer 48 (oxide) on the sides of polysilicon layer 
14 that are exposed inside trenches 30 (i.e. by oxidizing the structure or by CVD). Then, oxide is 
formed over the structure (i.e. CVD process), followed by an oxide anisotropic etch, which 
30 removes the oxide formed over the structure, except for oxide spacers 46 formed on the sidewalls 
of lower trench portion 42. This oxide formation and etch process also adds to the thickness of 
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the vertical portion of oxide layer 36 in upper trench portion 44. The anisotropic etch also 
removes a top portion of oxide layer 36, thins down the portion of oxide layer 36 over oxide 
layer 32, as well as removes the portion of oxide layer 12 at the bottom of trenches 30 in between 
spacers 46 to expose the substrate 10. The resulting stnicture is shown in Fig. 2G. 

A conductive layer 52, such as titanium nitride which adheres well to the exposed 
substrate 10, is formed over the entire structure, which lines the sidewalls of trenches 30 and 
exposed substrate 10 therein. This is followed by the fomation of conductive blocks 54 inside 
trenches 30, which are fomed by depositing a conductive material such as tungsten over the 
structure, followed by a tungsten planarization process (preferably CMP), to fill trenches 30 with 
conductive blocks 54. A tungsten etch-back step follows to remove any tungsten outside of 
trenches 30, and to preferably define the top surfaces of conductive blocks 54 below the tops of 
oxide layers 36. A conductive layer 56 (titanium nitride) is then formed over conductive blocks 
54, preferably by depositing titanium nitride over the structure, followed by a planarizing (CMP) 
process.that removes the deposited titanium nitride except for the conductive layer 56 over 
conductive blocks 54 in trenches 30. A titanium nitride etch is then perforaied so that 
conductive layer 56 is recessed below the top of oxide layer 36. A layer 58 of insulation material 
(oxide) is then formed over the structure, followed by a planarization process (CMP) and oxide 
etch process to remove the deposited oxide except for that portion over conductive layer 56 . 
The resulting structure is shown in Fig. 2H, where the narrow/wide trench portions 42/44 result 
in substantially T-shaped tungsten conductive blocks 54 with narrow lower block portions 60 
and wider upper block portions 62, which, are surrounded by titanium nitride layers 52/56. 

Second trenches 63 are formed between pair sets of memory cells and adjacent to first 
trenches 30 in the following manner. Nitride layer 24 is removed, preferably using an isotropic 
etch process, to expose portions of poly layer 14 and oxide layer 32 as shown in Fig. 21. A poly 
etch process follows (i.e. a dry etch) to remove exposed portions of poly layer 14 and to expose 
oxide layer 12. The exposed portions of oxide layer 12 are then removed via a controlled oxide 
etch, exposmg substrate 10. An insulation layer 64, preferably oxide, is then formed over the 
entire structure, resulting in the structure shown in Fig. 2J. The raised portions 34 of oxide layer 
32 result in the formation of upwardly extending sharp edges 66 of poly layer 14 where layer 14 
meets oxide layer 64. 
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Control gate poly blocks are formed in second trenches 63 in the following manner. A 
thick layer of polysihcon is deposited over the structure, followed by an anisotropic poly etch 
process, which removes all the deposited polysihcon except for poly spacers (blocks) 68 formed 
against vertically oriented portions of oxide layer 64. Poly blocks 68 have lower portions 70 

5 disposed immediately adjacent to poly layer 14, and upper portions 72 that extend over a portion 
of the poly layer 14 including sharp edge 66. Poly blocks 68 are insulated from poly layer 14 by 
oxide layers 64 and 32. The resulting structure is illustrated in Fig. 2K. 

Insulation spacers 74 are then formed adjacent to poly blocks 68, and are made of one or 
more layers of material. In the preferred embodiment, insulation spacers 74 are made of two 

10 layers of material by first depositing a thin layer 76 of oxide, followed by the deposition of 
nitride over the structure. An anisotropic nitride etch is performed to remove the deposited 
nitride, leaving nitride spacers 78. Ion implantation (e.g. N+) is then used to form second 
regions (terminals) 80 in the substrate in the same manner as the first regions 50 were formed. A 
controlled oxide etch follows, which removes the exposed portions of oxide layer 76, as well as 

1 5 the exposed portions of oxide layer 64 to expose substrate 1 0 and the second regions 80. The 
resulting structure is shown in Fig. 2L. 

A layer of metalized silicon (siHcide) 82 is formed in the top of the substrate 10 next to 
side wall spacers 74, along with a layer of metalized silicon 84 over poly blocks 68, by 
depositing a metal such as tungsten, cobalt, titanium, nickel, platinum, or molybdenum over the 

20 structure. The structure is then annealed, permitting the hot metal to flow and to seep into the 
exposed top portions of the substrate to form silicide 82, and into the exposed top portions of 
poly blocks 68 to form metalized silicon 84. The metal deposited on the remaining structure is 
removed by a metal etch process. Metalized silicon region 82 on substrate 10 can be called self 
ahgned silicide (i.e. salicide), because it is self aligned to the second regions 80 by spacers 78. 

25 The resulting structure is shown in Fig. 2M. 

Passivation, such as BPSG 86, is used to cover the entire structure. A masking step is 
performed to define etching areas over the silicide regions 82. The BPSG 86 is selectively 
etched in the masked regions to create contact openings that are ideally centered over and extend 
down to siUcide regions 82 formed between adjacent sets of paired memory cells. The contact 

30 openings are then filled with a conductor metal by metal deposition and planarization etch-back 
to form contact conductors 88. The silicide layers 82 facilitate conduction between the 
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conductors 88 and second regions 80. A bit line 90 is added by metal masking over the BPSG 
86, to connect together all the conductors 88 in the column of memory cells. The final memory 
cell structure is illustrated in Fig. 2N. 

As shown in Fig. 2N, first and second regions 50/80 form the source and drain for each 
5 cell (those skilled in the art know that source and drain can be switched during operation). The 
channel region 92 for each cell is the portion of the substrate that is in-between the source and 
drain 50/80. Poly blocks 68 constitute the control gate, and poly layer 14 constitutes the floating 
gate. Oxide layers 32, 36, 46 and 48 together form an insulation layer that is disposed adjacent 
to and over floating gate 14, to isolate it fi-om source 96. Oxide layers 36 and 64 together form 

10 an insulation layer that isolates the source lines 96 firom the control gates 68. The control gates 
68 have one side aligned to the edge of the second region 80, and are disposed over part of the 
channel regions 92. Control gates 68 have lower portions 70 that are disposed adjacent to the 
floating gates 14 (insulated therefirom by oxide layer 64), and upper protruding portions 72 that 
are disposed (extend) over a portion of adjacent poly layers 14 (insulated therefi-om by oxide 

1 5 layers 64). A notch 94 is formed by the protruding portion 72, where the sharp edge 66 of 
floating gate 14 extends into the notch 94. Each floating gate 14 is disposed over part of the 
channel region 92, is partially overlapped at one end by the control gate 68, and partially 
overlaps the first region 50 with its other end. Conductive blocks 54 and the conductive layers 
52/56 together form source lines 96 that extend across the colunms of memory cells. Upper 

20 portions 62 of source lines 96 extend over but are insulated fi-om the floating gates 14, while 
lower portions 60 of source lines 96 are adjacent to but insulated firom floating gates 14. As 
illustrated in the Fig. 2N, the process of the present invention forms pairs of memory cells that 
mirror each other. The pairs of mirrored memory cells are insulated firom other cell pairs by 
oxide layer 76, nitride spacers 78 and BPSG 86, 

25 Referring to Fig. 20, there is shown a top plan view of the resulting structure and the 

intercoimection of the bit lines 90 to the second regions 80, of the control lines 68 which run in 
the X or the row direction, and of the source lines 96 which connect to the first regions 50 within 
the substrate 10. Although the source lines 96 (as should be understood by those skilled in the 
art, the word "source" is interchangeable with the word "drain") make contact with the substrate 

30 10 in the entire row direction, i.e. contact with the active regions as well as the isolation regions, 
the source lines 96 electrically coimect only to the first regions 50 in the substrate 10. In 
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addition, each first region 50 to which the "source" line 96 is connected is shared between two 
adjacent memory cells. Similarly, each second region 80 to which the bit line 90 is connected is 
shared between adjacent memory cells firom different mirror sets of memory cells. 

The result is a plurality of non volatile memory cells of the split gate type having a 
5 floating gate 1 4, a control gate 68 which is immediately adjacent to but separated from the 

floating gate 14 and runs along the length of the row direction connecting to the control gates of 
other memory cells in the same row, a source line 96 which also runs along the row direction, 
connecting pairs of the first regions 50 of the memory cells in the same row direction, and a bit 
line 90 which runs along the column or Y direction and connects pairs of the second regions 80 

10 of the memory cells in the same column direction. The fomiation of the control gate, the floating 
gate, the source line, and the bit line, are all self-aligned. The non-volatile memory cell is of the 
split gate type having floating gate to control gate tunneling all as described in U.S. Patent No. 
5,572,054, whose disclosure is incorporated herein by reference with regard to the operation of 
such a non-volatile memory cell and an array formed thereby. 

15 The present invention exhibits reduced source line resistance because of the wider upper 

portion 62 of T-shaped conductive block 52, while still providing for smaller scaling of memory 
cell dimensions due to the narrower lower portions 60 of T-shaped conductive blocks 52 (i.e. the 
indentation of the sidewalk of the first trenches 30 between upper and lower portions 62/60 that 
forms the T-shape of the source line). The upper portions 62 also extend over but are insulated 

20 fi-om the floating gates 14 which allows coupling of source voltage fi-om the source line 96 to the 
floating gates 14 through the oxide layers 32/36 (which is in addition to the coupling via the 
lower portions 60 through oxide layers 46/48, and via first region 50 through oxide layer 12). 
Thus, the coupling coefficient between the source electrode and the floating gate is enhanced. 

25 First Alternate Embodiment 

Figures 3 A-3I illustrate a first alternate process for forming a memory cell array similar 
to that illustrated in Fig. 2N, but with a polysilicon source line. This first alternate process 
begins with the same structure as shown in Fig. 2G, but continues as follows. 

Conductive blocks 98 are formed inside trenches 30, preferably by depositing a 
30 conductive material such as polysilicon over the structure, followed by a poly planarization 
process (preferably CMP) to remove polysilicon above trenches 30. A poly etch-back step 
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follows to remove any polysilicon outside of trenches 30, and to recess the top surfaces of 
conductive blocks 98 below the tops of oxide layers 36. The poly blocks 98 can be in-Situ doped 
or doped using implantation. A layer 58 of insulation material (oxide) is then formed over poly 
blocks 98, for example by thermal oxidation, or by oxide deposition followed by a CMP 
5 planarization process and an oxide etch process so that oxide layer 58 is recessed below the top 
of oxide layer 36. The resulting structure is shown in Fig. 3 A, where the narrow/wide trench 
portions 42/44 result in substantially T-shaped conductive poly blocks 98 with narrow lower 
block portions 60 and wider upper block portions 62. 

Second trenches 63 are formed between pair sets of memory cells and adjacent to first 

10 trenches 30 in the following manner. Nitride layer 24 is removed, preferably using an isotropic 
etch process, to expose portions of poly layer 14 and oxide layer 32 as shovra in Fig. 3B. A poly 
etch process follows (i.e. a dry etch) to remove exposed portions of poly layer 14 and to expose 
portions of oxide layer 12. The exposed portions of oxide layer 12 are then removed via a 
controlled oxide etch, exposing substrate 10. An insulation layer 64, preferably oxide, is then 

15 formed over the entire structure, resulting in the structure shovra in Fig. 3C. The raised portions 
34 of oxide layer 32 result in the formation of upwardly extending sharp edges 66 of poly layer 
1 4 where layer 1 4 meets oxide layer 64. 

Control gate poly blocks are formed in second trenches 63 in the following maimer. A 
thick layer of polysilicon is deposited over the structure, followed by an anisotropic poly etch 

20 process, which removes all the deposited polysilicon except for poly spacers (blocks) 68 formed 
against vertically oriented portions of oxide layer 64. Poly blocks 68 have lower portions 70 
disposed immediately adjacent to poly layer 14, and upper portions 72 that extend over a portion 
of the poly layers 14 including shaip edges 66. Poly blocks 68 are insulated fi-om poly layer 14 
by oxide layers 64 and 32: The resulting structure is illustrated in Fig. 3D. 

25 An oxide etch is performedio remove exposed portions of oxide layer 64, and the 

underlying oxide layer 58, to expose poly blocks 98 and substrate 10. Preferably, a dry-etch 
process with end-point detection is used, which also removes the upper portions of oxide layer 
36, so that it is substantially even with the top surface of poly blocks 98. An oxide deposition 
process follows to form an oxide layer 100 over the structure, and to replace oxide layer 64 over 

30 the substrate 10. The resulting structure is illustrated in Fig. 3E. 
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Insulation spacers 74 are then formed adjacent to poly blocks 68, and are made of one or 
more layers of material. In the preferred embodiment, insulation spacers 74 are composite 
spacers that include lower portions of oxide layer 100 and nitride spacers 78 formed by the 
deposition of nitride over the structure followed by an anisotropic nitride etch to remove the 
deposited nitride (using the oxide layer 100 as an etch stop), leaving nitride spacers 78 over 
oxide layer 64 and adjacent to poly spacers 68. Nitride spacers 101 are also formed over the 
ends of conductive blocks 98, as shown in Fig. 3F. 

Ion implantation (e.g. N+) is then used to form second regions (terminals) 80 in the 
substrate in the same manner as the first regions 50 were formed. A controlled oxide etch 
follows to remove the exposed portions of oxide layer 100 to expose poly blocks 98, and to 
remove exposed portions of oxide layer 64 to expose the substrate 10. The resulting structure is 
shown in Fig. 3G. 

A layer of metalized silicon (silicide) 82 is formed in the top of the substrate 10 next to 
side wall spacers 74, along with a layer of metalized silicon 84 over poly blocks 68 and poly 
block 98, by depositing a metal such as tungsten, cobalt, titanium, nickel, platinum, or 
molybdenum over the structure. The structure is then annealed, permitting the hot metal to flow 
and to seep into the exposed top portions of the substrate to form silicide 82, and into the 
exposed top portions of poly blocks 68 and 98 to form metalized silicon 84. The metal deposited 
on the remaining structure is removed by a metal etch process. Metalized silicon region 82 on 
substrate 10 can be called self aligned silicide (i.e. salicide), because it is self aligned to the 
second regions 80 by spacers 78. The resulting structure is shown in Fig. 3H. 

Passivation, such as BPSG 86, is used to cover the entire structure. A masking step is 
performed to define etching areas over the silicide regions 82. The BPSG 86 is selectively 
etched in the masked regions to create contact openings that are ideally centered over and extend 
down to silicide regions 82 formed between adjacent sets of paired memory cells. The contact 
openings are then filled with a conductor metal by metal deposition and planarization etch-back 
to form contact conductors 88. The silicide layers 82 facilitate conduction between the 
■ conductors 88 and second regions 80. A bit line 90 is added by metal masking over the BPSG 
86, to connect together all the conductors 88 in the column of memory cells. The final memory 
cell structure is illustrated in Fig. 31. 
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The first alternate embodiment exhibits reduced source line resistance because of the 
wider upper portion 62 of T-shaped poly block 98 and the highly conductive metalized silicon 
layer 84 formed thereon, while still providing for smaller scaling of memory cell dimensions due 
to the narrower lower portion 60 of T-shaped conductive block 98. The upper portions 62 also 
5 extend over the floating gate 14 which allows coupling of source voltage from the poly block 98 
to the floating gate 14 through the oxide layers 32/36 (in addition to the coupling through the 
oxide layers 46/48 via lower portions 60, and through the oxide layer 12 via first region 50). 
Thus, the coupling coefficient between the source electrode and the floating gate is enhanced. 

10 Second Alternate Embodiment 

Figures 4A-4I illustrate a second alternate process for forming a memory cell array 
similar to that illustrated in Fig. 2N, but utilizing a self aligned contact scheme. This second 
alternate process begins with the same structure as shown in Fig. 2J, but continues as follows. 
A thick layer 102 of conductive material, such as polysilicon, is deposited over the 

15 structure, as shown in Fig. 4A. A layer of nitride 104 is then deposited over the structure, 
followed by a nitride planarization process (e.g. CMP). A nitride etch-back step follows to 
remove the portions of nitride layer 104 over the raised portions of poly layer 102, while leaving 
portions of nitride layer 104 over the flat side portions of poly layer 102. An oxidation step 
follows, which oxidizes the exposed center portions of poly layer 102 to form a layer of oxide 

20 106 thereover. The resulting structure is shown in Fig. 4B. 

Nitride layer 1 04 is ranoved by a nitride etch process, which is followed by an 
anisotropic poly etch step to remove those portions of poly layer 102 not directly under oxide 
layer 106, as illustrated in Fig. 4C. 

An oxide deposition step is then performed to apply a thick oxide layer over the structure; 

25 This is followed by a planarizing oxide etch, such as CMP, to planarize the structure using poly 
layer 102 as an etch stop. An oxide etch-back step is then performed, leaving blocks 108 of 
oxide on either side of the poly layer 102. Oxide layer 106 is also removed by the oxide 
planarizing and etch-back steps, resulting in the structure shown in Fig. 4D. A planarizing poly 
etch, such as CMP, is then performed using the oxide blocks 108 as an etch stop, as illustrated in 

30 Fig. 4E. This is followed by a poly etch-back process, such as RIB, to remove the top portions of 
poly layer 102 leaving just poly blocks 103 adjacent oxide blocks 108, and exposing oxide layer 

16 



Atty Dckt No: 2102396-91 1400 



PATB>fT 



64. Poly blocks 103 have lower portions 70 disposed immediately adjacent to poly layer 14, and 
upper portions 72 that extend over a portion of the poly layer 14 including sharp edge 66. Poly 
blocks 103 are insulated from poly layer 14 by oxide layers 64 and 32. Oxide blocks 108 and 
oxide layer 36 are left to extend well above the top surface of poly blocks 103, as illustrated in 
Fig. 4F. 

An optional implant step can be performed to dope the exposed poly blocks 103. A metal 
deposition step is then performed, to deposit a metal such as tungsten, cobalt, titanium, nickel, 
platinum, or molybdenum over the structure. The structure is then annealed, permitting the hot 
metal to flow and to seep into the exposed top portions of the poly blocks 103 to form a 
conductive layer of metalized silicon 84 thereon. The metal deposited on the remaining structure 
is removed by a metal etch process. Metalized silicon layer 84 can be called self aligned 
because it is self aligned to the poly blocks 103 by oxide layer 64 and oxide blocks 108. A 
protective nitride layer 1 10 is formed over poly blocks 103 and between oxide blocks 108 in the 
following manner. Nitride is deposited over the structure, followed by a planarizing nitride etch, 
such as CMP, with oxide blocks 108 used as the etching stop layer, so that nitride layer 1 10 is 
level with oxide blocks 108. The nitride layer 1 10 is self aligned to the poly blocks 103 by oxide 
blocks 108. The resulting structure is shown in Fig. 4G. 

An oxide etch follows to remove oxide blocks 108 and exposed portions of oxide layer 
64, as illustrated in Fig. 4H. Lisulation spacers 74 are then formed adjacent to poly blocks 103 
and nitride layer 1 10, and are made of one or more layers of material. In the preferred 
embodiment, insulation spacers 74 are made of two layers of material by first depositing a thin 
layer 76 of oxide, followed by the deposition of a nitride over the structure. An anisotropic 
nitride etch is performed to remove the deposited nitride, leaving nitride spacers 78. Ion 
implantation (e.g. N+) is then used to form second regions (terminals) 80 in the substrate in the 
same manner as the first regions 50 were formed. An oxide etch follows, which removes the 
exposed portions of oxide layer 76. A layer of metalized silicon (silicide) 82 is formed in the top 
of the substrate 10 next to side wall spacers 74, by depositing a metal such as tungsten, cobalt, 
titanium, nickel, platinum, or molybdenum over the structure. The structure is then annealed, 
permitting the hot metal to flow and to seep into the exposed top portions of the substrate 10 to 
form silicide regions 82. The metal deposited on the remaining structure is removed by a metal 
etch process. Metalized silicon region 82 on substrate 10 can be called self aligned silicide (i.e. 
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salicide), because it is self aligned to the second regions 80 by spacers 78. The resulting 

structure is shown in Fig. 41. 

Passivation, such as BPSG 86, is used to cover the entire structure. A masking step is 
performed to define etching areas over the salicide regions 82. The BPSG 86 is selectively 

5 etched in the masked regions to create contact openings that are ideally centered over and wider 
than the salicide regions 82 formed between adjacent sets of paired memory cells. Nitride layer 
1 10 serves to protect poly blocks 103 and metalized silicon 84 from this etch process. The 
contact openings are then filled with a conductor metal by metal deposition and planarizing etch- 
back, whereby the entire area between nitride spacers 78 of adjacent sets of paired memory cells 
10 is filled with the deposited metal to form contact conductors 88 that are self aligned to the 
salicide regions 82 by the nitride spacers 78 (i.e. self aligned contact scheme, or SAC). The 
salicide layers 82 facilitate conduction between the conductors 88 and second regions 80. A bit 
line 90 is added by metal masking over the BPSG 86, to connect together all the conductors 88 in 
the column of memory cells. The final memory cell structure is illustrated in Fig. 4J. 

15 The self aligned contact scheme (SAC) removes an important constraint on the minimum 

spacing requirement between adjacent sets of paired memory cells. Specifically, while Fig. 4J 
illustrates the contact area (and thus conductors 88) perfectly centered over the salicide regions 
82, in reality it is very difficult to form the contact openings without some undesirable horizontal 
shift relative to the salicide regions 82. With a non-self aligned contact scheme, where there is 

20 no protective layer of nitride over the structure before BPSG formation, electrical shorts can 
occur if the contact 88 is shifted over and formed over metalized silicon 84 and poly block 103. 
To prevent electrical shorts in a non-self aligned contact scheme, the contact openings would 
have to be formed sufficiently away firom the nitride spacers 78 so that even with the maximum 
possible shift in the contact regions, they will not extend to nitride spacers 78 or beyond. This of 

25 course would present a constraint on the minimum distance between spacers 78, in order to 
provide a sufficient tolerance distance between adjacent sets of paired min-or cells. 

The SAC method of the present invention eliminates this constraint by using the 
protective layer of material (nitride layer 1 10) underneath the BPSG. With this protective layer, 
the contact openings are formed in the BPSG with a sufficient width to ensure there is overlap of 

30 the contact opening with the salicide regions 82, even if there is a significant horizontal shift of 
the contact opening during formation. Nitride layer 110 allows portions of contact 88 to be 
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fonned over poly block 103 or metalized silicon layer 84, without any shorting therebetween. 
The wide contact opening guarantees that contacts 88 completely fill the very narrow spaces 
between spacers 78, and make good electrical contact with salicide regions 82. Thus, the width 
of contact regions between spacers 78 can be minimized, while preventing faulty connections by 

5 filling the space between spacers 78, allowing the scaling down of the overall cell dimension. 

This second alternate embodiment has the fiirther advantage that control gates 103 are 
substantially rectangularly shaped with a protruding portion 72 over the floating gate 14, and a 
planar opposing surface that facilitates the formation of spacers 74, which in turn facilitates the 
self aligned formation of the salicide regions 82, and the formation of the self aligned conductor 

10 88. 

Third Alternate Embodiment 

Figures 5A-5K illustrate a third alternate process for forming a memory cell array similar 
to that illustrated in Fig. 31, but utihzing a self aligned contact scheme. This third alternate 
1 5 process begins with the same structure as shown in Fig. 3C, but continues as follows. 

A thick layer 1 02 of conductive material, such as polysilicon, is deposited over the 
structure, as shown in Fig. 5A. A layer of nitride 104 is then deposited over the structure, 
followed by a nitride planarization process (e.g. CMP). A nitride etch-back step follows to 
remove the portions of nitride layer 104 over the raised portions of poly layer 102, while leaving 
20 portions of nitride layer 1 04 over the flat side portions of poly layer 1 02. An oxidation step 
follows, which oxidizes tiie exposed center portions of poly layer 102 to form a layer of oxide 
106 thereover. The resulting structure is shown in Fig. 5B. 

Nitride layer 104 is removed by a nitride etch process, which is followed by an 
anisotropic poly etch step to remove those portions of poly layer 102 not directly under oxide 
25 layer 106, as illustrated in Fig. 5C. 

An oxide deposition step is then performed to apply a thick oxide layer 108 over the 
structure. This is followed by a planarizing oxide etch, such as CMP, to planarize the structure 
using poly layer 102 as an etch stop. An oxide etch-back step is then performed, leaving blocks 
108 of oxide on either side of the poly layer 102. Oxide layer 106 is also removed by the oxide 
30 planarizing and etch-back steps. A nitride deposition step is then pCTformed to apply a nitride 
layer over the structure. This is followed by a planarizing nitride etch, such as CMP, to planarize 
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the structure using poly layer 102 as an etch stop. A nitride etch-back step is then performed, 
leaving nitride layer 109 over oxide blocks 108. The resulting structure is shown in Fig. 5D. 

A planarizing poly etch, such as CMP, is then performed using the nitride layer 109 as an 
etch stop, as illustrated in Fig. 5E. This is followed by a poly etch-back process, such as RIE, to 
5 remove the top portions of poly layer 102 leaving just poly blocks 103 adjacent oxide blocks 
108, and exposing oxide layer 64. Poly blocks 103 have lower portions 70 disposed immediately 
adjacent to poly layer 14, and upper portions 72 that extend over a portion of the poly layer 14 
including sharp edge 66. Poly blocks 103 are insulated from poly layer 14 by oxide layers 64 
and 32. Oxide blocks 108 and oxide layer 36 are left to extend well above the top surface of 

10 poly blocks 103, as illustrated in Fig. 5F. 

A controlled oxide etch is performed to remove exposed horizontal portions of oxide 
layer 64, and the underlying oxide layer 58, to expose poly blocks 98. Preferably, a dry-etch 
process with end-point detection is used, which also removes the upper portions of oxide layer 
36, as illustrated in Fig. 5G. 

15 An optional implant step can be performed to dope the exposed poly blocks 1 03. A metal 

deposition step is then performed, to deposit a metal such as tungsten, cobah, titanium, nickel, 
platinimi, or molybdenum over the structure. The structure is then annealed, permitting the hot 
metal to flow and to seep into the exposed top portions of the poly blocks 103 and 98 to form a 
conductive layer of metalized silicon 84 thereon. The metal deposited on the remaining structure 

20 is removed by a metal etch process. Metalized silicon layer 84 can be called self aligned because 
it is self aligned to the poly blocks 103 by oxide layer 64 and oxide blocks 108. A protective 
nitride layer 1 10 is formed over poly blocks 103 and between oxide blocks 108 in the following 
manner. Nitride is deposited over the structure, followed by a planarizing nitride etch, such as 
CMP, with oxide blocks 108 used as the etching stop layer, so that nitride layer 110 is level with 

25 oxidie blocks 108. Nitride layer 109 is also removed by this process. The nitride layer 1 10 is self 
aligned to the poly blocks 103 by oxide blocks 108. The resulting structure is shown in Fig. 5H. 

An oxide etch follows to remove oxide blocks 108 and exposed portions of oxide layer 
64, as illustrated in Fig. 51. Insulation spacers 74 are then formed adjacent to poly blocks 103 
and nitride layer 1 10, and are made of one or more layers of material. In the preferred 

30 embodiment, insulation spacers 74 are made of two layers of material by first depositing a thin 
layer 76 of oxide, followed by the deposition of a nitride over the structure. An anisotropic 
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nitride etch is performed using oxide layer 76 as an etch stop to remove the deposited nitride 
except for nitride spacers 78. Ion implantation (e.g. N+) is then used to form second regions 
(terminals) 80 in the substrate in the same manner as the first regions 50 were formed. An oxide 
etch follows, which removes the exposed portions of oxide layer 76. A layer of metalized silicon 
(silicide) 82 is formed in the top o'f the substrate 10 next to side wall spacers 74, by depositing a 
metal such as tungsten, cobalt, titanium, nickel, platinum, or molybdenum over the structure. 
The structure is then annealed, permitting the hot metal to flow and to seep into the exposed top 
portions of the substrate 10 to form silicide regions 82. The remaining metal deposited on the 
remaining structure is removed by a metal etch process. Metalized silicon region 82 on substrate 
10 can be called self aligned silicide (i.e. sahcide), because it is self aUgned to the second regions 
80 by spacers 78. The resulting structure is shown in Fig. 5 J. 

Passivation, such as BPSG 86, is used to cover the entire structure. A masking step is 
performed to define etching areas over the salicide regions 82. The BPSG 86 is selectively 
etched in the masked regions to create contact openings that are ideally centered over and wider 
than the salicide regions 82 formed between adjacent sets of paired memory cells. Nitride layer 
110 serves to protect poly blocks 103 and metalized silicon layers 84 firom this etch process. The 
contact openings are then filled with a conductor metal by metal deposition and planarizing etch- 
back, whereby the entire area between nitride spacers 78 of adjacent sets of paired memory cells 
is filled with the deposited metal to form contact conductors 88 that are self aligned to the 
salicide regions 82 by the nitride spacers 78 (i.e. self aligned contact scheme, or SAC). The 
salicide layers 82 facilitate conduction between the conductors 88 and second regions 80. A bit 
line 90 is added by metal masking over the BPSG 86, to connect together all the conductors 88 in 
the column of memory cells. The final memory cell structure is illustrated in Fig. 5K. 

The third alternate embodiment has the advantage pf combining the advantages of the 
first altemate embodiment, with the advantages of SAC. 

It is to be understood that the present invention is not limited to the embodiments 
described above and illustrated herein, but encompasses any and all variations falling within the 
scope of the appended claims. For example, although the foregoing method describes the use of 
appropriately doped polysilicon as the conductive material used to form the memory cells, it 
should be clear to those having ordinary skill in the art that any appropriate conductive material 
can be used. In addition, any appropriate insulator can be used in place of silicon dioxide or 
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silicon nitride. Moreover, any appropriate material whose etch property differs from silicon 
dioxide (or any insulator) and from polysilicon (or any conductor) can be used in place of silicon 
nitride. Further, as is apparent from the claims, not all method steps need be performed in the 
exact order illustrated or claimed, but rather in any order that allows the proper formation of the 
memory cell of the present invention. Finally, the first trench upper and lower portions need not 
be symmetrical, but rather the first trenches need only have an indentation in the sidewall thereof 
so that the source line formed therein has a first portion disposed adjacent to the floating gate, 
and a second portion disposed over the floating gate. 
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